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Background of the Invention 

This invention relates to an anticoagulant combination of L-ACI and sulfated polysaccharides and, more 
particularly, to a combination of LAG! and heparin or similar such anticoagulant sulfated polysaccharides which 

5 exerts a synergistic anticoagulant action in whole plasma. 

Blood clotting can be activated via the intrinsic or the extrinsic pathways. The intrinsic pathway begins with 
the contact phase which involves the interaction of factor XII, kallikrein. high molecular weight kininogen, a 
foreign surface and factor XL The product of this reaction, factor XU, converts factor IX to factor IXa, which sub- 
sequently hydrolyzes factor X to factor Xg in the presence of activated factor VIII, phospholipid, and calcium. 

10 Alternatively, the extrinsic pathway is initiated when plasma factor VIIA^IIg binds to tissue factor (TF; thrombop- 
lastin) to form a complex which proteolytically activates factors IX and X. Once factor Xa is formed, either via 
the intrinsic or the extrinsic pathway, it can bind factor Va, phospholipid, and calcium to form the prothrombinase 
complex which converts prothrombin to thrombin. Ultimately, thrombin causes the fibrin clot to form. 

Heparin has been widely used as an anticoagulant in clinical conditions. The anticoagulant effect of heparin 

15 is to a large extent a direct consequence of its catalytic action on the inhibition of thrombin by antithrombin III, 
and to a lesser extent Its catalytic action on the inhibition by antithrombin III of other coagulation proteases 
including factors Xllg, XIa, IXa. Xa and kallikrein (1-4). In the absence of heparin, antithrombin III does not inhibit 
factor Vila (5-8), In the presence of heparin, factor Vila was reported to be resistant to inhibition (6) or inhibited 
50% by antithrombin III In 1 1 min (7). 75-90 min (8) or 6 hours (5). Thus the rate of factor Vll^ inhibition by antl- 

20 thrombin III Is so slow that antithrombin III is unlikely a physiological regulator of the TF/factor VII pathway in 
the presence or the absence of heparin (9). In addition to the antithrombin Ill-dependent inhibition of proteases 
of the intrinsic pathway, heparin can also exert anticoagulant action by displacing factor Xa and prothrombin 
from the prothrombinase complex in an antithrombin Ill-independent fashion (10, 11). 

In the past few years evidence has accumulated that regulation of the extrinsic pathway may primarily 

25 involve a plasma-derived protein called lipoprotein-associated coagulation inhibitor (LACI) (12). This protein 
also has been referred to as extrinsic pathway inhibitor (EPI) (1 3). or tissue factor Inhibitor (TFI) (14). The inhibi- 
tor Is capable of complexing with factor Xa directly, and Inhibits TF activity by fomfiatlon of an inert TF/factor 
Vila/factor Xa/Ca^/inhibitor complex (12). Following the purlficatton of apparently related inhibitor from Hep G2 
hepatoma (14), the cDNA coding for the protein was subsequently cloned (1 5). Recently, expression of recom- 

30 binant protein has generated large quantity of protein for in vitro and in vivo use. 

The isolation of LACI from the conditioned media of Hep G2 cells. SK-Hep-1 cells, and Chang liver cells 
also is disclosed in European Patent Application EP 300,988, published January 25. 1989, and the doning of 
the cDNA coding for the LACI protein also is disclosed In European Patent Application EP 318,451, published 
May 31. 1989. 

35 References cited herein by numbers in parentheses are listed herelnbelow. 

Brief Description of the Invention 

The present invention relates to a novel anticoagulant combination of lipoprotein-associated coagulation 

40 inhibitor (LACI) and sulfated polysaccharides. It has been surprisingly found that this combination exerts a 
synergistic anticoagulant action in whole plasma. 

In a preferred embodiment of the invention, LACI and heparin cause a greatly enhanced anticoagulation 
compared to either LACI or heparin alone. Many related sulfated polysaccharides having known anticoagulant 
activity were also found to enhance the LACI-dependent inhibition of TF-induced clotting. By weight, the relative 

45 potencies of these compounds are in the following order low molecular weight heparin (mean Mr=5,100) > 
unfractionated heparin > low molecular weight heparin (mean Mr=3,700) > pentosan polysutfate > dermatan 
sulfate > dextran sulfate > heparan sulfate. 

Because of the unique mechanism and ability of LACI in the inhibition of TF-induced coagulation, LACI 
has been described heretofor as a potential therapeutic protein for the treatment/prevention of thrombotic dis- 

50 eases. The synergistic use of heparin and t-ACI in combination as described herein for therapeutic applications 
thus is highly attractive for the following reasons: first, heparin is widely available and may reduce the amount 
of LACI required for treatment by potentiating the l-ACI function; second, heparin and LACI in combination 
inhibit both the intrinsic and extrinsic pathways of coagulation; and third, the combination may be effective In 
clinical conditions where heparin alone Is not sufficient, e.g. disseminated intravascular coagulation where TF 

55 . may be generated in large amounts. 

The dosages of the LACI and sulfated polysaccharides used for inhibiting coagulation preferably are small 
but effective amounts for producing preferably are small but effective amounts for producing a synergistic anti- 
coagulation resuU. Use of from about 0.1 to about 4 units of heparin per ml of plasma in combination with from 
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about 0. 1 |.ig to about 5 mq of LACI per ml of plasma Is preferred for the synergistic anticoagulant activity. Other 
sulfated polysaccharides can also be used in various amounts and proportions with LACI to produce synergistic 
anticoagulant effects. Use of the following amounts, respectively, of these other sulfated polysacharides with 
from about 0.1 to about 5 ng of LACI are preferred for sy nergistic antinnag ijiant activity: 
5 0.2-2 ng/ml low molecular weight heparin (mean Mr=5,100). 

1-10 |.ig/ml low molecular weight heparin (mean Mr=3,700). 

4.5-45 ng/ml pentosan polysulfate, 

34-340 (.ig/ml dermatan sulfate, 

50-500 ng/ml dextran sulfate (mean Mr=6, 000-8,000), and 
/ 10 1 00-1 ,000 Mg/ml heparan sulfate. 

As used herein, LACI is defined to mean lipoprotein-associated coagulation inhibitor as described by Wun 
et aL, J. Biol. Chem. 263 . 6001-6004 (1988). LACI can be isolated from various known sources, e.g., the con- 
ditioned media of cultured liver cells such as Hep G2 cells. SK hepatoma cells and Chang liver cells, or produced 
by recombinant DNA procedures. Although specific methods of isolation or production of LACI are described 
15 herein, it will be understood that the invention Is not limited to any particular source of the LACI. 

As used herein, one unit of heparin Is defined to mean one U.S.P. (United States Pharmacopoeia) unit 
The U.S.P. unit of heparin is that quantity which will for one hour after the addition of 0.2 ml of a 1 :1 000 CaCIa 
solution: Heparin is generally obtained by Isolation from mammalian tissues containing mast cells such as the 
liver and lung. As used herein, the term "heparin" also is meant to Include the phannaceutically acceptable water 
20 soluble salts thereof, e.g., the sodium salt Suitable examples of commercially available heparin sodium pro- 
ducts are LIpo-Hepin® (Riker Laboratories), Liquaemin® Sodium (Organon)* and Panheprin® (Abbott 
Laboratories). 

Detailed Description of the Invention 

25 

While the specification concludes with claims particutarty pointing out and distinctly claiming the subject 
matter regarded as forming the present invention, it is believed that the invention will be better understood from 
the following preferred embodiments taken in conjunction with the accompanying drawings which are graphical 
representations in which: 

30 FIG. 1 shows the effect of heparin on the activated partial thromboplastin time (APTT) of a normal plasma 

and the same plasma depleted of endogenous LACi. A frozen plasma was thawed and used without pretreat- 
menl or used after Immunoadsorption with an anti-LACMig Sepharose 4B to deplete the endogenous LACI. The 
plasmas were supplemented with various concentrjations of heparin and the APTT was determined as described 
In. METHODS, below. Original plasma, -o-; LACI-depleted plasma. -A-. The extrapolations beyond 0.6 units 

35 heparih/ml plasma were based on the results that both plasmas remained unclotted for more than 1 h at 0.8 
units heparin/ml plasma. 

FIG. 2 shows th6 effect of heparin on the prothrombin time (PT) of a normal plasma and a LACI-depleted 
plasma at various tissue factor (TF) concentrations. The plasmas used were either untreated (-o-) or depleted 
of endogenous LACI antigen (-A-) by immunoadsorption as described in METHODS, below. TF reagent was 
; 40 diluted 1:1000 (panel A), 1:100 (panel B), or 1:10 (panel C) for the detenmination of PT. The dashed lines in 
panels A and B were extrapolations based on the results that the plasmas remained unclotted for more thari 
.i ■ 1 h at 0.5 (panel A) and 2 (panel B) units heparin/ml plasma, respectively. 

FIG. 3 shows the effect of exogenously added LACI on the PT of a plasma induced to clot by various con- 
centrations of TF. Panel A. TF reagent was diluted 1:10,000 (- q -), 1:1000 (-0-) and 1:100 (-•-) for the deter- 
45 mination of PT. Panel B, TF reagent was used at 1 :10 dilution. 

FIG. 4 shows a test of synergy between heparin and LACI in prolonging the PT of a LACI-depleted plasma. 
(A) Effect of LACI. heparin, and a combination of LACI and heparin on the PT of a LACI-depleted plasma. A 
LACI-depleted plasma was supplemented with LACI (-x-), heparin (-q -), or a combinatton of LACI and heparin 
(-A-), and their PTs were determined as described in the METHODS, below, using 90 ^1 of 1:100 dilution of 
so the TF reagent 

(B) Isobolar analysis of the LACI/heparin Interaction. Concentrations of LACI alone, heparin alone and 
LACI/heparin in combination which give the same PTs (isoeffective clotting times of 80. 100. 120. 140. 160. 
180 and 200 sec) were determined from the curves In panel (A). Da and Db are the concentrations of LACI 
and heparin separately that are isoeffective with the LACI/heparin combination at concentrations of da and db. 
55 respectively. The values of da/Da + db/Db reflect whether the two agents interact A value of =1 suggests zero 
interaction; a value of >1 indicates antagonism; and a value of <1 shows synergy. 

FIG. 5 shows the effect of LACI. heparin, and the combination of LACI and heparin on the PT of a plasma 
depleted of endogenous LACI. Plasma was depleted of endogenous LACI by immunoadsorption on an anti- 
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LACI-lg Sepharose4B column. PT was determined as described in the METHODS, below, using 90^1 of 1:100 
dilution of the TF reagent. LACI-depleted plasma was supplemented with various amounts of LACI (-x-). heparin 
(- Q and LACI in combination with 0.5 (-•-), 1 .0 (-A-), and 2.0 (-A-) units heparin per ml plasma, respectively. 
Equations and correlation coefficients from linear regression analysis are shown. 
5 FIG. 6 shows the effect of sulfated polysaccharides on the PT of normal plasma. PT was detemiined as 

described In METHODS, below, using 90 of 1:100 dilution of the TF reagent, 10 ^il of sulfated polysac- 
charides. 100 ^il of a pooled plasma, and 100 ^1 of 25 mM CaCla. The sulfated polysaccharides used are 
LMWH5100 (low molecular weight heparin, mean Mr=5100); UFH (unfiractionaled heparin); LMWH3700 (low 
molecular weight heparin, mean Mr=3700); PPS (pentosan polysulfate); DS (dermatan sulfate); DXS (dextran 
10 sulfate, mean Mr=6000-8000); and HS (heparan sulfate). 

FIG. 7 shows the effect of sulfated polysaccharides, LACI. and the combination of sulfated polysac- 
charides/LACI on the PT of a pooled plasma. PT was determined as described In METHODS, below, using 90 
nl of 1 :100 dilution of the TF reagent. 1 0 ^1 of sulfated polysaccharide, LACI, or a combination of the two at the 
concentrations indicated, 100 |.il of a pooled plasma, and 100 |il of 25 mM CaClj. The compounds used are 
15 the same as those in FIG. 6. LACI alone (-x-); sulfated polysaccharide alone (- q -); a combination of LACI and 
sulfated polysaccharide. (-A-). 

The novel anticoagulant combination of LACI and sulfate polysaccharides is further illustrated herein in 
detail by a combination of recombinant LACI (rLACI) expressed in mouse CI 27 cells and heparin and related 
sulfated polysaccharides. 

20 The LACI employed herein Is a known plasma-derjved Inhibitor that Inhibits the tissue factor (TF)/factor 

Vll-induced coagulation in a factor Xa-dependent manner. The roles of the endogenous plasma lACI and the 
exogenously added LACI and heparin in the regulation of coagulation initiated by the intrinsic and extrinsic path- 
ways were tested by employing an activated partial thromboplastin time (APTT) assay and a modified prothrom- 
bin time (PT) assay. Such assays are conventional In the field of hematology for measuring the effect of heparin 

25 on blood clotting times. See. e.g.. U.S. Patent 3.486.981, The LACI-depleted plasma and the normal plasma 
have identical APTTs and similar prolongations of the APTT in response to heparin; and both are fully anti- 
coagulated (arbitrarily defined as clotting times of more than 1 h.) at similar concentrations of heparin. These 
results indicate that heparin Is a very effective anticoagulant when coagulation is initiated by the intrinsic path- 
way and that endogenous LACI is not significantly involved In the regulation of this pathway. The PT of normal 

30 plasma is only marginally longer than that of LACI-depleted plasma In the absence of heparin, suggesting that 
endogenous plasma LACI has a very limited capacity to inhibit the TF-induced clotting. However. In the pre- 
sence of heparin, the PTs of LACI-depleted plasma and PT nonnal plasma are very different Prolongation of 
the PT occun-ed only moderately and lineariy with increasing concentrations of heparin In LACI-depleted 
plasma; in contrast, normal plasma showed a greater extent of PT prolongation In response to the heparin and 

35 the plasma became fully antlcoagulated at a certain threshold concentration of heparin. These results suggest 
that LACI serves as a cofactor for heparin and thus greatly enhances the inhibition of TF-induced clotting. tA- 
Cl-depleted plasma was supplemented with purified recombinant LACI. heparin, or a combination of the two 
and their effects on the TF-induced dotting were tested. It was unexpectedly found that LACI and heparin in 
combination caused a greatly enhanced anticoagulation compared to LACI or' heparin alone. Many sulfated 

40 polysaccharides were also found to enhance ttie LACI-dependent Inhibition of TF-induced clotting. The effective 
ranges of these compounds are: low molecular weight heparin (mean Mr=5.100), at 0.2-2 ng/ml; unfractlonated 
heparin, at 0.1-4 units/ml; low molecular weight heparin (mean Mr=3,700), at 1-10 fig/ml. pentosan polysulfate. 
at 4.5-45 ng/ml; demnatan sulfate, at 34-340 iig/ml. dextran sulfate, at 50-500 \ig/m\; and heparan sulfate, at 
100-1000 \xg/m\. Based on the above results, it is concluded that LACI is a cofactor for heparin in the TF-induced 

45 clotting and that LACI and sulfated polysaccharides exert synergistic anticoagulant action In whole plasma. 

The following examples will further illustrate the invention although it will be understood that the invention 
is not limited to these specific examples or the deitails therein. 

EXAMPLES 

50 

MATERIALS 

Rabbit brain thromboplastin (tissue factor, TF) was obtained from Ortho Diagnostic. Dade's activated 
cephaloplastin reagent for the detennination of activated partial thromboplastin time (APTT) was purchased 
55 from American Scientific ProducL Unfractionated heparin (UFH. lot 038078) was obtained from Elkin-Sinn Inc. 
Low molecular weight heparins (LMWH) with mean molecular weight of 51 00 and 3700 were from Calbiochem. 
Pentosan polysulfate (PS, #P8275), bovine mucosa demiatan sulfate (DS, #C2413), and bovine intestinal 
mucosa heparan sulfate (HS. #H7641) were from Sigma. Dextran sulfate (DXS, mean Mr=7,000-8.000) was 
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supplied by ICN Biochemicals. Human plasma was provided by American Red Cross (St. Louis). Four units of 
plasma were pooled and stored frozen In aliquots at -80*'C until use. Bovine factor Xa. and Spectrozyme Xa 
were obtained from American Diagnostica. 

5 METHODS 

Expression and purification of rLACI 

" rLACI was expressed in mouse C127 cell using a bovine papilloma virus vector and the rLACI-producihg 

10 cell line was grown in cell factory for harvesting of conditioned medium as follows: 

The bovine papilloma virus-based vector, pMON1123. which consists of the entire bovine papilloma virus 
genome cloned in the pBR322 derivative of pML2, was used to express LACI. This vector uses the mouse 
metallothionine I promoter and the SV40 Late poly A addition site to direct the expression of proteins encoded 
by DNA fragments inserted into a unique BamHI site. The use of recombinat DNA processes utilizating a papil- 

15 loma virus DNA as a vector for the replication and expression of exogenous genes in eukaryotic cells is con- 
ventional practice as can be seen from U.S. Patent 4.419,446. For the expression of LACI cDNA. pMON1123 
was digested with BamHI and the 5' overhanging ends were filled In with Klenow fragment (Boehringer Man- 
nheim, Indianapolis, IN) and deoxynucieotides (dNTPs). Similarly, the LACI cDNA was isolated as an EcoRI 
fragment and the ends were rendered blunt by Klenow fill-in. The IAC\ fragment was ligated into pMON1123 

20 to yield the plasmid pMON1456. Mouse c127 cells were grown and co-transfected with pMON1456 and pSVneo 
by procedure as previously described by Ramabhadran et al.. Proc. NaU. Acad, sci. USA 81. 6701 (1984). Fol- 
lowing selection with G4 1 8 antibiotic (Geneticin). resistant colonies were picked and seeded into 24-well plates. 
Conditioned media from each well were then assayed for recombinant LACI (rLACI) expression by an enzyme- 
linked immunosorbent assay (EUSA). One clone, 1455-15, expressing approximately 1 to 2 ng LAC 1/1 0« cell/24 

25 h, was expanded for isolation of rLACI. 

The rl-ACI-producing cell line 1455-1 5 was cultured in Dulbecco's Modified Eagle's Medium containing 10% 
fetal bovine serum. The cells were grown in 150 cm^ flasks to confluency. Each flask was then trypsinized and 
used to seed one 850 cm2 roller bottle. After confluency, the cells from each roller bottle were used to seed 
one 10-chamber cell factory (6,000 cm2; GIBCO Laboratories, Grand Island, NY). On reaching confluency, the 

30 cells were washed with phosphate-buffered saline and incubated in a serum-free medium consisting of Dul- 
becco's Modified Eagle's Medium, supplemented with 0.2 ng/mL menadione, 2.5 mmol/L sodium butyrate. and 
50 U/mL aprotinin. The serum-free conditioned medium was collected every 2 days and replaced with fresh 
medium. 

The serum-free conditioned medium was adjusted to 50 mM (NH4)2S04, filtered through a 0.2 \t filter and 
35 concentrated 30-fold using an Amicon YM30 radial cartridge concentrator. The concentrate was subjected to 
ammonium sulfate precipitation. Protein precipitated between 23-90% saturation of ammonium sulfate were 
collected and dialyzed against phosphate buffered saline containing 20 mM Na2S04. Triton X-100 detergent 
was added to a final concentration of 0.05% and the solution was clarified by centrifugation at 40.000 x g for 
1 h. The supernatant was chromatographed on an anhydrotrypsin-Sepharose 4B column (12 ml gel. prepared 
40 according to the method described in ref. 17) equilibrated in phosphate buffered saline containing 20 mM 
Na2S04. 0.05% Triton X-100 (buffer A). The column was washed with 80 ml of buffer A and 80 ml of the same 
buffer without Triton X-100. The bound protein was eluted with 1.5 M NaSCN in three col umn volum es. The 
eluted protein was concentrated and dialyzed against a solution containing 0.15 M NaCI and 20 mM Na2S04. 
The recovery of LACI was about 60%. The freshly prepared anhydrotrypsin-Sepharose 4B column had a 
45 capacity of about 0.6 mg LACI/ml gel. Upon repeated use. the capacity decreased to about 0.2 mg/ml gel. 
Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) of the eluted protein shows a major 
band of Mr-38.000 conrespondtng to LACI with traces of high molecular weight contaminants. The contamin- 
ants were removed by adsorption with phenyl Sepharose 4B. 

50 Characterization of purified rLACI 

The isolated protein is substantially pure LACI by the following criteria: (a) SDS-PAGE shows essentially 
a single band; (b) amino acid analysis and protein sequencing match the composition and sequence deduced 
from the cDNA sequence of LACI; and (c) the stoichiometry of the inhibition of factor Xa in an amidolytic sub- 
55 strate assay is approximately 1:1 (see below). 

The concentration of LACI was quantitated by amino acid analysis. The active site concentration of factor 
Xa was measured by titration with p-nitrophenyl-p'-guanidinobenzoate according to Chase and Shaw (16). The 
amidolytic activity of factor X, and the antf-factor Xa activity of LACI were determined as follows: 
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Ten nt of bovine factor Xg (0.084 pmol active nnolecule) was mixed with 10 of TBB buffer (Tris- buffered 
saline containing 5 mg/ml bovine serum albumin and 2.5 mg/ml bovine gamma globulin) or 10 jil of properly 
diluted LACI in TBB buffer in a disposable cuvette for 5 min at room temperature. After addition of 0.22 ml of 
an assay buffer (0.1 M Tris/HCI, pH 8.4, 0.5% Triton X-100) and 10 ^1 of Spectrozyme Xa (12.5 mM), the rate 

5 of the absorbance change at 405 nm was measured at 37°C. The control gave an absorbance change of 0,0233 
per min. per 0.1 pmol of active factor Xa at 405 nm. In the reaction mixture containing LACI, the anti-Xg activity 
was calculated based on the decrease of factor Xa activity compared with that of the control. Using the assays 
described above, 2.6 ng of purified LACI (based on amino acid analysis; equivalent to 0.068 pmol assuming 
Mr=38,000) was found to inhibit 0.066 pmol, of active factor Xa- Thus, the stoichiometry of the interaction be- 

10 tween LACI and factor Xa appears to be 1:1. 

Activated partial thromboplastin time (APTT) 

Dade's activated cephaloplastin reagent was used to determine the APTT of plasma using a Fibrometer 
75 cfot timing instrument. Ninety ^1 of plasma was mixed with 10 |il of sulfated polysaccharide or control buffer 
and 100 ^il of activated cephaloplastin reagent for exactly 2 min. at ST**. A calcium solution (100 |.il of 25 mM 
CaCl2) was added to the mixture and the time to clotting was recorded. The assay was observed for up to 1 
hour. For practical purposes, the plasma is arbitrarily referred to as "Yully anticoagutated" when dotting does 
not occur in 1 h. 

20 

Prothrombin time (PT) 

Rabbit brain thromboplastin (TF, Ortho Diagnostic) was diluted 1:10, 1:100. 1:1000, or 1:10,000 in a saline 
solution containing 1 mg/ml bovine serum albumin for the detenmination of PT. One hundred \i\ of plasma was 

25 mixed with 10 |.il of control buffer. LACI solution, or sulfated polysaccharide solution and 90 vil of a diluted TF 
in the well of the Fibrometer at 37'*C for 2 min. One hundred ).U of 25 mM CaCIa was added and the time to 
clotting was determined. The concentrations of the sulfated polysaccharides and LACI refer to the amounts of 
these compounds per ml of undiluted plasma (not the concentration of the final mixture). The PTs reported here 
are the average of 2-8 determinations depending on the length of the clotting time. When the clotting time was 

30 short (<100 sec), the variations between determinations are small and 2-3 assays were made and averaged 
for each data point When the clotting time was long (>100 sec) and the variations were larger due to the use 
of dilute TF or high concentrations of LACI and sulfated polysaccharides, 4-8 determinations were made and 
averaged for each data point The assay was observed for up to 1 hour. The plasma is referred to as "fully anti- 
coagulated" when clotting does not occur in 1 h. 

35 

Antiserum, anti-LACI-tg, and anti-LACMg Sepharose 4B 

Two New Zealand white rabbits were each immunized by intradermal injection with a homogenate con- 
taining 1 ml of Freund's complete adjuvant and 1 ml of purified LACI (200 ^g of LACI protein). One month later 

40 the rabbits were each boosted with a homogenate containing 1 ml of freund's incomplete adjuvant and 1 ml of 
the purified LACI (100 \ig of LACI protein). Antiserum was collected each week thereafter. Booster injection 
was performed monthly until the rabbits were exsanguinated after 3 months. Anti-LACI-lg was isolated from 
the antiserum by chromatography on protein A-Sepharose 4B column. The isolated anti-LACI-lg was coupled 
to cyanogen bromide-activated Sepharose 48 at a concentration of 10 mg of Ig/ml gel by Pharmacia's recom* 

45 mended procedure. 

Preparation of LACI-depleted Plasma 

Pooled frozen plasma (100 ml) was thawed and passed through an anti-LACI-lg Sepharose 4B column (3 
50 ml of gel containing - 15 mg of bound Ig) 5 times to deplete the endogenous LACI antigen. The immuno-adsor- 
bed plasma was essentially depleted of endogenous LACI since an immunoassay (sensitivity of - 1 ng/ml) did 
not detect any LACI antigen. 

RESULTS 

55 

Effect of heparin on intrinsic coagulation 



In the APTT assay, the contact phase proteins are activated which leads to the initiation of the intrinsic 
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coagulation cascade. Figure 1 shows the effect of heparin on the APTT of noimal plasma and the same plasma 
depleted of endogenous LACL A moderate prolongation of clotting time (up to 5-fold) was observed at heparin 
concentrations of 0 to 0.6 units/ml plasma. At 0.8 units heparin/ml, the plasma remained unclotted for more 
than 1 hour (arbitrarily defined as "fully antlcoagulated"). There was no significant difference In APTT In normal 
5 plasma and the LACI-depleted plasma, suggesting that endogenous plasma LACI does not play a significant 
role in the regulation of the intrinsic coagulation in the presence or absence of heparin. 

The role of endogenous plasma LACI in the regulation of extrinsic coagulation 

10 Normal plasmas were pre-incubated with anti-LACI-lg or normal rabbit Ig and their PTs were measured to 

determine the role of endogenous plasma LACI in the regulation of extrinsic coagulation. As shown In Table 
1 . the PTs were shorter for the plasma treated with anti-UVCMg than that with nonmal Ig. However, the difference 
between the antibody treated plasma and the control were small at 1:10. 1:100, and 1:1,000 dilutions of TF. A 
moderate difference in the PTs was observed at 1:10,000 dilution of TF. Similar results were obtained using 

15 untreated plasma and plasma depleted of endogenous LACI by immunoadsorption with anti-LACI-lg Sepharose 
4B. These results suggest that the capacity and/or the ability of the endogenous LACI to Inhibit TF-induced 
coagulation is rather small under these conditions. 

Effect of heparin on extrinsic coagulation 

20 

The effect of heparin on PTs of normal plasma and the same plasma depleted of endogenous LACI were 
measured using various concentrations of TF. Figure 2(A) shows the results using 1:1.000 dilution of TF (PT=77 
sec for the control without heparin). In the LACI-depleted plasma (A), increasing concentrations of heparin (0- 
0.6 units/ml plasma) progressively prolonged the PT in essenUally a linear fashion. In plasma containing 
25 endogenous LACI (o), the heparin response was sigmoidal. At 0.1-0.2 units heparin/ml plasma, PT was the 
same or marginally longer than those in the LACI-depleted plasma. At 0.3 and 0.4 units heparin/ml plasma, 
PTs were 1 .5- and 2.6-fold longer than those In the LACI-depleted plasma. At 0.5 units heparin/ml plasma, the 
plasma became "fully antlcoagulated". 

Figure 2(B) shows the result using 1 :100 dilution of TF (PT=41 sec for the control without heparin). In LA- 
30 Cl-depleted plasma (A), the PT also lineariy increased with increasing heparin concentration, but it required 
atK)ul 8 fold higher concentration of heparin to achieve the same PTs as those in Figure 2(A). In plasma con- 
taining endogenous LACI (o). the heparin response was also sigmoidal, but the threshold concentration of hepa- 
rin required to achieve "fully anticoagulated" states occunred at a concentration greater than 1.5 units heparin/ml 
. plasma. 

35 Figure 2(C) shows a similar test using a 1:10 dilution of TF (PT=24 sec for the control without heparin). In 

the LACI-depleted plasma (A), heparin-induced prolongations of PT were much less than those in Figure 2 (A) 
and (B). In the LACI-containing plasma, the PT remained less than 500 sec up to 4 units heparin/ml plasma. 

The above results taken together suggest that several mechanisms may be involved in the regulation of 
the extrinsic coagulation. First, heparin can prolong TF-induced clotting moderately in the absence of endogen- 

40 ous LACI; second, endogenous plasma LACI possesses a weak anti-clotting effect against TF-induced dotting 
in the absence of heparin; and third, beyond a certain threshold concentration, heparin dramatically enhances 
the inhibition of TF-induced clotting in the presence of plasma LACI, suggesting that LACI serves as a cofactor 
for heparin in the inhibition reaction. 

Effect of exogenously added LACI on the PT of normal plasma 

The tests described above are restricted to plasma containing or depleted of endogenous LACI. The results 
suggest that endogenous plasma LACI may play an important role in the inhibition of TF-induced clotting when 
the amount of TF is small, but it may be inadequate when the amount of TF is large. To extend the range of 

50 control to conditions where endpgerious LACI are inadequate, exogenous LACI was added to normal plasma 
to examine its effect on the PT. Figure 3(A) shows that using a wide range of constant concentrattons of TF 
(1:10.000, 1:1,000, and 1:100 dilutions of TF), the PTs are lineariyrelated to the concentration of the exogenous 
LACI added to the plasma. The concentration of LACI required for prolongation of the PT increases with increas- 
ing concentration of TF used, and this is reflected in the slope of the PT-LACI concentration response curves. 

55 At a higher concentration of TF used (1:10 dilution of TF). the PT-LACI concentration response curve is not 
linear as shown in Figure 3(B). 
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Synergistic anticoagulant action of LACi and heparin 

The above tests demonstrate that addition of heparin or LACI separately to plasma produces dose-depen- 
dent inhibition of TF-ihduced clotting (Figures 2 and 3). In addition, heparin appears to potentiate the inhibition 

5 of TF-induced clotting by endogenous LACI (Figure 2). To quantitate the extent of potentiation, a LACI-depteted 
plasma was supplemented with heparin, purified LACI or a combination of both to compare their anticoagulant 
effects. Figure 4(A) shows the relationship of the PT to the concentrations of exogenously added heparin and 
LACL Prolongation of the PT with increasing concentrations of heparin ( □ ) or LACI (x) alone are linear. When 
heparin and LACI are simultaneously present in plasma (▲), the total effect on the clotting time varies with the 

10 concentration of the compounds used. At low concentrations (e.g. < 0.2 units heparin/ml plus < 1 iig LACI/ml), 
the clotting time does not significantly deviate from that expected for the individual components. At higher con- 
centrations (greater than 0.3 units heparin/ml plus 1.5 ^ig LACI/ml), the clotting time increasingly deviates from 
those expected from the individual components and the potentiation effect becomes apparent. For example, 
0.5 units heparin/ml plus 2.5 ^g LACI/ml has a PT of - 1 .000 sec. while 1 unit heparin/ml or 5 ^ig lACUvrA have 

15 PTs of less than 200 sec. 

Pharmacologically, drug interactions can be analyzed by the isobole (isoeffective curve) method using the 
interaction index as a criteria to differentiate zero interaction, synergism, or antagonism (18). The drug interac- 
tion Index Is defined as da/Da -i- db/Db, where da and db are concentrations of A and B in the comblnatbn, 
respectively, and Da and Db are the concentrations of A and B separately that are isoeffective with the conrv 

20 bination. The value of the interaction index reflects the type of interaction: a value of =1 suggests zero interac- 
tion; a value of <1 indicates synergism; and a value of >1 shows antagonism. Based on the data of Figure 4(A), 
tso-effective concentrations of the compounds (i.e. LACI, heparin separately and their combinations that give 
the same clotting times) can be obtained for the calculation of the interaction indexes. Figure 4(B) shows the 
interaction index as a function of clotting time. The result cleariy shows an increasing synergy or potentiation 

25 (interaction index <1 ) with increasing clotting time due to the combined use of increasing concentration of LACI 
and heparin. 

Heparin enhances the inhibition of TF-induced clotting by LACI 

30 in order to estimate the relative potency of LACi in the absence and the presence of heparin, a LJ\Ct-dep- 

leted pjasma was sup plemented with various concentrations of LACI and heparin and their PTs were^eler- 
mined. Figure 5 shows the PT as a function of the concentration oTIj^cI in the absence of heparin (x), in the 
presence of 0.5 (•), 1.0 (▲), and 2.0 (A) units heparin/ml plasma, respectively. If it is assumed that the slope 
reflects the potency, then the relative potency of LACI increases 3.4, 8.5, and 75 fold in the presence of 0.5, 

35 1.0, and 2.0 units heparin/ml plasma, respectively, over that in the absence of exogenously added heparin. 

Effect of sulfated polysaccharides and their combination with LACi on the PT of plasma 

In view of the ability of heparin to inhibit TF-induced clotting in a LACl-de pendent and Independent manner, 
40 other sulfated polysaccharides were also tested for their anticoagulant effect. Figure 6 shows the effect of vari- 
ous sulfated polysaccharides on the PT of normal plasma. All the compounds tested exhibited the abSity to 
prolong the clotting time but this effect was observed at very different concentrations. By weight, the relative 
potencies of these compounds are in the following order: low molecular weight heparin (mean Mr=5100) > 
unfractionated heparin > low molecular weight heparin (mean Mr=3700) > pentosan polysulfate > dermatan sul- 
45 fate > dextran sulfate > heparan sulfate. To examine whether these compounds also potentiated the LACi- 
dependent anticlotting activity, tests similar to that described in Figure 4(A) were carried out Figure 7(A)(F) 
shows the effect of LACI, sulfated polysaccharides, and their combinations on the PT of normal plasma. All 
the compounds tested potentiated the inhibition of TF-induced clotting by LACI, but at very different concen- 
trations. The concentrations of the sulfated polysaccharides that potentiated the LACI anticlotting activity were 
50 in a similar range as those used in Figure 8 and the relative potencies are by weight in the same order as above. 
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Table 1: Effect of anti-LACI-Ig on the prothrombin time of a normal 
plasma. 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



TF dilution** 



1:10 
1: 100 
1:1,000 
1:10,000 



prothrombin time (sec)' 



plasma + normal 
rabbit Ig^ 



plasma + anti-LACI- 



27.1 
44.6 
86.1 
175»7 



25.5 
42.7 
75.5 
129.1 



8. 

Prothrombin time was assayed as described in METHODS. The 

values are averages of two determinations. 
TF was serially diluted into a saline solution containing 

1 mg/ml bovine serum albumin. 

A normal plasma (1.95 ml) was mixed with 0.5 ml of normal 
rabbit ig (1.6 mg/rol) and incubated at 4* for 3 h. before 
the assay. 

Same as in c. except that anti-LACI-Ig was used instead of 
normal rabbit Ig. 

The anticoagulant combination of LACI and sulfated polysaccharide can be used to inhibit both the intrinsic 
and extrinsic pathways of coagulation by suitable administration to a warni blooded mammal in need of such 
treatment such as, for example, as may be needed for disseminated intravascular coagulation. The amount of 
the combination which would nonmally be administered is primarily dependent upon the physical characteristics 
of the mammal and the severity of the pathological condition. The amount must be an effective amount, that 
is, an amount which is medically beneficial for inhibiting coagulation but which does not present toxic effects 
which overweigh the advantages which accompany its use. The preferable route of administration Is oral or 
parenteral. Administration of the combination in solution with conventional diluents and earners, for example, 
saline, is illustrative. Other suitable formulations of the active combination in phannaceutically acceptable 
diluents or canriers in therapeutic dosage can be prepared by reference to general texts in the pharmaceutical 
field such as, for example. Remington's Phamnaceutical Sciences . Ed. Arthur Osol, 16th ed.. 1980, Mack Pub- 
lishing Co., Easton. Pennsylvania. 

Various other examples will be apparent to the person skilled in the art after reading the present disclosure 
without departing from the spirit and scope of the invention. It is intended that all such other examples be 
included within the scope of the appended claims. 
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Claims 

20 1. A composition comprising tipoprotein-associated coagulation inhibitor and an anticoagulant sulfated 
polysaccharide in proportions that provide a synergistic anticoagulation effect upon administration to a 
warm blooded mammal. 

2. The composition of Claim 1 In which the sulfated polysaccharide is selected from the group consisting of 
25 heparin, pentosan polysulfate. dermatan sulfate, dextran sulfate and heparan sulfate. 

3. The composition according to claim 1 in which Hpo protein-associated coagulation inhibitor and heparin are 
in proportions of from about 0.1 to about 4 units of heparin with from about 0.1 pg to about 5 ^g of lipop- 
rotein-associated coagulation inhibitor. 

30 

4. The composition of any of claims 1 to 3 for use as a medicament in a warm blooded mammal. 

5. The composition of any of claims 1 to 3 for use in a method of inhibiting blood coagulation in a warm 
blooded mammal. 

35 

6. The composition of any of claims 1 to 3 for use according to Claim 5. in which the said method comprises 
administering from about 0.1 to at>out 4 units of heparin and about 0,1 ^g to about 5 ^g of LACI per ml of 
plasma treated. 

40 7. Use of a composition as defined in any of claims 1 to 3 for the manufacture of a medicament suitable for 
inhibiting blood coagulation in a warm blooded mammal. 
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